Riding the Ridge: Studies in Seafloor Spreading
Modified from “Life on an Ocean Planet”

Research Question
What evidence is available that supports the theory of seafloor spreading?
Literature Review
It’s ironic in retrospect. At the same time Alfred Wegener was defending his continental drift theory, his own
countrymen on the German survey vessel Meteor were gathering the first seafloor data that would give the theory
merit. From 1925-1927, the Meteor Expedition imaged the seafloor with sonar. These images showed a mountain ridge
centered in the middle of the Atlantic Ocean. Although this was previously known, sonar provided much better details
of the ridge, showing it to be larger than previously thought. The new maps revealed a shape that mirrored the
coastlines of continents adjacent to it. Had Wegener known, the details would probably have spurred him on. Wegener
died before the information could be widely published, however.
From the end of World War II until the late 1950’s, major advances in marine engineering, sonar, and oceanic
drilling started to reveal a picture of the ocean floor that Wegener would have appreciated. Due to an ever-growing
need for oil after the war, ocean-drilling technology became more common. Oceanic research took place on a wider
scale funded by both industries and government. A picture of our ocean planet started to take shape that would
revolutionize our concepts of how Earth works.
During continued deep ocean exploration, scientists found the mid-ocean ridge to be much longer that originally
thought. It is the largest geological feature, wrapping all the way around the Earth. In the Atlantic, the mid-ocean ridge
mirrors the adjacent continents. Radiometric data indicate that the ocean floor is much younger than scientists once
thought. Scientists initially expected the ridge to be about the same age as continental crust. Instead, they found no
oceanic crust that dates older than 200 million years, which is only about five percent of Earth’s estimated age.
Furthermore, based on dating methods, scientists determined that the ocean’s crust gets older the farther you get from
the ridge. Seismic data accumulated over many decades also indicated that the ridge was very active both seismically
and volcanically. To the scientists, this is another sign that dynamic events occur along the mid-ocean ridge.
Magnetometers towed behind ships picked up natural magnetic properties of the ocean floor beneath. They
found banded patterns that border the mid-ocean ridge and mirror image, stripe for stripe, the contours of the midocean ridge. It was as if the Earth’s magnetism flips every million to two million years and then flipped back.
In the 1960’s Harry Hess and Robert Dietz independently developed a theory to explain the patterns discovered
on the seafloor. They proposed seafloor spreading, which says that the seafloor emerges at the mid-ocean ridges, and,
like a giant conveyor belt, moves to the sides and goes back into the Earth. In this way, they theorized that the entire
seabed cycles in 200 million years. Their theory accounted for the patterns and observations made by scientists.
At about the same time that Hess and Dietz were developing their theory of seafloor spreading, scientists began
to study the unusual magnetic bands on the seafloor volcanic rock. They hypothesized that the Earth’s magnetic field
flips every one to two million years. They theorized further that magnetite crystals – a form of iron – in lava align with
the magnetic field and stay aligned when the lava hardens into igneous rock.
In 1963, British geologists Frederic Vine and Drummond Matthews combined information from the magnetic
banding patterns on the seafloor, the hypothesis that the magnetic field flips and the theory of seafloor spreading. This
produced an explanation for the magnetic banding patterns found on the seafloor. New seafloor emerges along the
ridge, they said, solidifies with the magnetic field pattern of the Earth at the time, and gradually moves across the ocean
bottom with the spreading. Each time the magnetic field flips, a new band forms in the seafloor pattern.
This activity provides you with data similar to what scientists had available to them in the 1960’s. With this data,
you will explore the concepts that support the model of a dynamic Earth – an Earth in which the seafloor emerges and
spreads, moving tectonic plates and the continents with them.

Activity
Part One: Bathymetric and Radiometric Evidence of Seafloor Spreading
a. Use the data provided to produce two interpretive graphs.
b. All graphs should be completed in pencil on graph paper, labeling all ranges on the y and x-axis.
c. Graph 1 will be a double-line graph depicting distance (x-axis) versus seafloor age (y-axis) for both the Atlantic
and Pacific. Use one color for the Atlantic line and another color for the Pacific line.
d. Graph 2 will be a double-line graph depicting seafloor age (x-axis) versus ocean depth (y-axis) for both the
Atlantic and Pacific. Use on color for the Atlantic line and another color for the Pacific line.
Table 1: Pacific Ocean Transect Data

Table 2: Atlantic Ocean Transect Data

Distance from Ridge
(km)

Depth
(m)

Seafloor Age
(MY)

Distance from Ridge
(km)

Depth
(m)

Seafloor Age
(MY)

0
163
326
489
652
815
978
1140
1340
1500

2870
3120
3440
3550
3750
3650
3950
3900
3700
3750

0.056
2.32
4.63
6.94
9.24
11.6
14.1
16.7
19.8
22.1

0
79.9
160
240
320
400
479
559
655
735

2740
3310
3120
4230
3740
4590
4910
4620
5170
5130

1.27
8.08
13.9
19.8
24.5
29.3
34.0
38.2
43.7
50.9

Part One Questions
1. Examine graph 1 of the distance vs. seafloor age. Provide an interpretation of what the graph shows.
2. Are there any differences between the Atlantic and Pacific data sets? If so, provide an explanation.
3. Examine graph 2 of the seafloor age vs. ocean depth. Provide an interpretation of what the graph shows.
4. Are there any differences between the Atlantic and Pacific data sets? If so, provide an explanation.
5. Using the equation for velocity, calculate the spreading rate of the Atlantic and Pacific.
(hint: convert km to cm before dividing)
Velocity = distance (km)/time (millions of years)
6. Using the data from graph 2, estimate the age of the Pacific crust at the following depths:
a. 3,000 m = __________million years ago
b. 3,300 m = __________million years ago
c. 3,600 m = __________million years ago
d. 3,800 m = __________million years ago
Part Two: Use of Sediment Thickness Patterns as Supporting Evidence of Seafloor Spreading
a. Use the following data set to answer the corresponding questions.
Sediment Thickness
Age
Distance to Ridge
190 m / 624 ft
9 MYA
300 km / 186 mi
380 m / 1,248 ft
20 MYA
560 km / 348 mi
560 m / 1,836 ft
34 MYA
750 km / 466 mi
920 m / 3,018 ft
48 MYA
1,170 km / 727 mi
980 m / 3,213 ft
66 MYA
1,570 km / 976 mi
Part Two Questions
7. What pattern do you observe in sediment thickness versus distance from the mid-ocean ridge?

8. When accounting for age of the sediment, what can you conclude about the relationship between sediment
thickness, age, and distance to the mid
mid-ocean ridge?
Part Three: Paleomagnetic Banding as Supporting Evidence of Seafloor Spreading
a. Use the data provided in Figure 1 (Observed Marine Magnetic Anomalies along the Mid
Mid-Ocean Ridge) to
answer the corresponding questions.

Part Three Questions
9. Describe the pattern of magnetism (Gamma) as you extend east and west from the mid
mid-ocean ridge.
10. Describe the pattern of rock types as you extend east and west from the mid-ocean
ocean ridge.
11. Relate the magnetism and rock type with age as you extend out from the mid
mid-ocean
ocean ridge.
Analysis Questions
12. Based on this lab, provide an explanation as to what is causing age of the crust to increase the further away from
the ridge.
13. Provide
de a possible cause that explains the difference in spreading rates between the Atlantic and Pacific mid
midocean ridges.
14. As seafloor increases in depth away from the ridge, why does it tend to level out at great distances away from
the ridge?
15. Would you expectt the sediment thickness away from the ridge to perfectly show the deposition rate based on
age? For example, if the deposition rate is 1 mm every 100 years, would you expect that a 100,000 year
year-old
crust would have exactly 100 mm of sediment on top of it
it? Why or why not?
16. Provide an explanation that supports the magnetic banding observed in rocks.
17. Why does this explanation support the theory of seafloor spreading?
18. Do you think that mid-ocean
ocean ridges around the world would show magnetic profiles that would be exactly the
same? Why or why not?
19. If new ocean floor is constantly being produced at mid
mid-ocean
ocean ridge systems, then how is it that our planet’s
crust is not getting larger and magma in the aesthenosphere is not being emptied as time progresses?
20. Recently magnetic banding patterns have been found on the surface of Mars. What conclusions can be made by
this discovery?

